
US 20040038390A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2004/0038390 A1 

Boege et al. (43) Pub. Date: Feb. 26, 2004 

(54) 

(76) 

(21) 

(22) 

(63) 

OPTICAL INSTRUMENT INCLUDING 
EXCITATION SOURCE 

Inventors: Steven J. Boege, San Mateo, CA (US); 
Mark F. Oldham, Los Gatos, CA (US); 
Eugene F. Young, Marietta, GA (US) 

Correspondence Address: 
KILYK & BOWERSOX, P.L.L.C. 
3603 CHAIN BRIDGE ROAD 
SUITE E 
FAIRFAX, VA 22030 (US) 

Appl. No.: 10/440,719 

Filed: May 19, 2003 

Related US. Application Data 

Continuation-in-part of application No. 10/216,620, 
?led on Aug. 9, 2002, Which is a continuation of 
application No. 09/700,536, ?led on Nov. 29, 2001, 
?led as 371 of international application No. PCT/ 
US99/11088, ?led on May 17, 1999. 

(60) Provisional application No. 60/381,671, ?led on May 
17, 2002. Provisional application No. 60/409,152, 
?led on Sep. 9, 2002. Provisional application No. 
60/450,734, ?led on Feb. 28, 2003. 

(30) Foreign Application Priority Data 

Nov. 29, 1999 (WO) ........................................ .. 99/60381 

Publication Classi?cation 

(51) Int. Cl? .................................................... .. C12M 1/34 

(52) Us. 01. .............. .. 435/288.7;435/288.4;435/287.2 

(57) ABSTRACT 

An optical instrument is provided for simultaneously illu 
minating tWo or more spaced-apart reaction regions With an 
excitation beam generated by a light source. A collimating 
lens can be disposed along a beam path betWeen the light 
source and the reaction regions to form bundles of colli 
mated excitation beams, Wherein each bundle corresponds to 
a respective reaction region. Methods of analysis using the 
optical instrument are also provided. 
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OPTICAL INSTRUMENT INCLUDING 
EXCITATION SOURCE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] The present application claims a bene?t under 35 
U.S.C. §119(e) from earlier ?led US. Provisional Patent 
Application No. 60/381,671, ?led May 17, 2002, US. 
Provisional Patent Application No. 60/409,152, ?led Sep. 9, 
2002, and US. Provisional Patent Application No. 60/450, 
734, ?led Feb. 28, 2003. The present application is a 
continuation-in-part of co-pending US. patent application 
Ser. No. 10/216,620, ?led Aug. 9, 2002, Which is a continu 
ation of co-pending US. patent application Ser. No. 09/700, 
536, ?led Nov. 29, 2001, Which claims priority to PCT/ 
US99/11088, ?led May 17, 1999, Which published as 
publication number WO 99/60381 on Nov. 29, 1999. Cross 
reference is made to co-pending US. patent application Ser. 
No. entitled “Apparatus and Method For Differen 
tiating Multiple Fluorescence Signals By Excitation Wave 
length” to King et al.(Attorney Docket No. 5010-047-01), 
and to US. patent application Ser. No. entitled 
“Optical Instrument Including Excitation Source” to Boege 
et al. (Attorney Docket No. 5010-027-01), both ?led the 
same day as the present application. All Patents, Patent 
Applications, and publications mentioned herein are incor 
porated herein in their entireties by reference. 

FIELD 

[0002] The present teachings relate to an instrument for 
detecting and measuring ?uorescence, and to ?uorescence 
measurement methods that can be used in assays based on 
nucleic acid sequence ampli?cation, for example, Poly 
merase Chain Reaction (PCR). 

BACKGROUND 

[0003] A ?uorometer including an array of light-emitting 
diode (LED) light sources in one-to-one correspondence 
With sample containers is described in International Publi 
cation No. WO 01/35079, Which is incorporated herein in its 
entirety by reference. Various problems can be encountered, 
hoWever, With such a system. For example, such a system 
can be costly for commonly used experimentation involving 
analysis of a 96 sample Well array and Would require 96 
LED light sources. The use of one light source per Well, can 
also result in photo-bleaching of ?uorescent dyes present in 
samples being analyZed 

SUMMARY 

[0004] According to various embodiments, an optical 
instrument is provided. The instrument can comprise a 
plurality of spaced-apart reaction regions, an excitation 
source adapted to simultaneously illuminate tWo or more of 
the spaced-apart reaction regions, and a collimating lens 
disposed along an excitation beam path betWeen the exci 
tation source and the spaced-apart reaction regions. The 
excitation source can comprise a single LED, an array of a 
plurality of LEDs, a single laser, or an array of a plurality of 
lasers. 

[0005] According to various embodiments, an optical 
instrument is provided that includes a collimating lens that 
focuses excitation beams radiated from a light source into 
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discrete bundles of collimated excitation beams that can 
simultaneously illuminate tWo or more of a plurality of 
spaced-apart reaction regions, for example, tWo or more 
Wells of a multi-Well microtiter plate. 

[0006] According to various embodiments, methods are 
provided for simultaneously illuminating tWo or more 
spaced-apart reaction regions With respective bundles of 
collimated excitation beams generated by a light source in 
combination With a collimating lens. The light source can 
comprise a single LED, an array of a plurality of LEDs, a 
single laser, or an array of a plurality of lasers. The colli 
mating lens can comprise a single collimating lens or an 
array of collimating lenses. 

[0007] Additional embodiments are set forth in part in the 
description that folloWs, and in part Will be apparent from 
the description, or may be learned by practice of the various 
embodiments described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 is a schematic diagram of an optical path 
Way for an optical instrument that includes a light source and 
a collimating lens, and an optical pathWay for illuminating 
a plurality of spaced-apart reaction containers, according to 
various embodiments; 

[0009] FIG. 2 is a schematic diagram of an optical instru 
ment and an optical pathWay generated by the optical 
instrument according to various embodiments; 

[0010] FIG. 3 is a perspective vieW of an optical instru 
ment for providing the optical pathWay shoWn in FIG. 2, 
With a side panel of the instrument removed; 

[0011] FIG. 4 is an exploded perspective vieW of the 
optical instrument shoWn in FIG. 3; 

[0012] FIG. 5 is a perspective vieW of an excitation source 
that includes an array of light sources used according to 
various embodiments; 

[0013] FIG. 6 is a cross-sectional vieW of the excitation 
source shoWn in FIG. 5 taken along line 6-6 in FIG. 5; 

[0014] FIG. 7 is a schematic diagram of an optical instru 
ment that includes a light source and a collimating lens, and 
an optical pathWay the instrument generates, according to 
various embodiments; 

[0015] FIG. 8 is a schematic diagram of a portion of an 
optical instrument that includes a light source, a collimating 
lens, and a mask, according to various embodiments; 

[0016] FIG. 9 is a schematic diagram of a portion of an 
optical instrument that includes a mask, a reaction region 
lens, and a reaction region, according to various embodi 
ments; 

[0017] FIG. 10 is a schematic diagram of an optical, and 
the optical pathWay generated by the optical instrument, 
according to various embodiments; 

[0018] FIG. 11 is a perspective vieW of an optical instru 
ment, and the optical pathWay generated by the optical 
instrument, according to various embodiments; 

[0019] FIG. 12 is a schematic vieW of the optical instru 
ment of FIG. 4 and an optical pathWay generated by the 
optical instrument, 
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[0020] FIG. 13 is a schematic diagram of an optical 
instrument that includes a light source adjacent a detector, 
and an optical pathWay generated by the optical instrument; 

[0021] FIG. 14 is a top vieW of the instrument of FIG. 13; 

[0022] FIG. 15 is a schematic diagram of an optical 
instrument and an optical pathWay according to various 
embodiments; 
[0023] FIG. 16 is a schematic diagram of an optical 
instrument and an optical pathWay, according to various 
embodiments; 
[0024] FIG. 17 illustrates an exemplary embodiment of a 
light source layout, for example, an organic light emitting 
diode (OLED) layout; and 

[0025] FIG. 18 illustrates an exemplary embodiment of a 
light source layout, for example, an OLED layout With 
varying color OLEDs stacked upon each other. 

[0026] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary and explanatory only, and are intended to 
provide a further explanation of the various embodiments of 
the present teachings. 

DESCRIPTION OF VARIOUS EMBODIMENTS 

[0027] Various embodiments described herein provide an 
optical instrument.The instrument can include a plurality of 
spaced-apart reaction regions, a light source adapted to 
simultaneously illuminate at least tWo of the reaction regions 
With excitation radiation, and a collimating lens disposed 
along an excitation beam path betWeen the light source and 
the reaction regions. An exemplary embodiment is shoWn in 
FIG. 1. 

[0028] According to various embodiments and as shoWn 
in FIG. 1, an instrument is provided for illuminating mul 
tiple spaced-apart reaction regions With an excitation source. 
The light source 10 can emit excitation beams 15 that can 
pass through a collimating lens 20. The collimating lens 20 
can collimate the excitation beams such that the excitation 
beams emerge from the collimating lens parallel to the 
optical axis of the collimating lens and as discrete bundles 
25 of collimated excitation beams. The bundles 25 of 
collimated excitation beams can impinge on a plurality of 
spaced-apart reaction regions 40, such that each bundle 25 
of collimated excitation beams emitted by the collimating 
lens can impinge on a respective reaction region, for 
example, one of reaction regions 40 of a sample Well tray 41 
held by a holding assembly 48. According to various 
embodiments, the bundles 25 of collimated excitation beams 
can be focused on the respective reaction regions 40 by 
passage through respective focusing lenses, such as reaction 
region lenses 30. According to various embodiments, a mask 
70 can be used With the collimating lens 20 to eliminate 
extraneous light such that all light passing through the mask 
70 is directed toWard or impinges on a respective reaction 
region lens 30. 

[0029] FIG. 2 shoWs a system according to various 
embodiments that can include a reaction region holding 
assembly 48, for example, a thermal cycler block, including 
Wells 44 for holding respective reaction regions 40, for 
example, vials, spaced apart from one another. The reaction 
regions can contain respective samples 42. The samples can 
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be, for example, respective suspensions of ingredients for 
polymerase chain reaction (PCR) or other nucleic acid 
sequence ampli?cation methods. If the reaction region hold 
ing assembly 48 is a thermal cycler block, the assembly 48 
can include a thermal cycle controller 49 for cycling the 
temperature of the block through a temperature program. 

[0030] Each reaction region 40 can include, for example, 
any chamber, vessel, container, sample Well, capsule, vial, 
centrifuge tube, gel, capillary tube, capillary channel, or 
other containing, restraining, retaining, or con?ning device, 
Without limitation, that is capable of retaining a sample for 
?uorometric analysis or illumination thereof. The reaction 
regions 40 can be ?xed, secured, mounted, or otherWise 
attached or connected to, separate from, or integral With, the 
reaction region holding assembly 48. The holding assembly 
48 can be attached or connected to, or placed on, a surface 
of a substrate or a holder and positioned to enable tWo or 
more reaction regions to be simultaneously illuminated by a 
light source. According to various embodiments Wherein the 
reaction region is integral With the holding assembly, the 
holding assembly can be, for example, a puri?cation tray, 
microtiter tray, multiWell tray, sample array, or like device 
for holding multiple samples. 

[0031] The samples 42 to be analyZed can include aqueous 
suspensions of sample materials, for example, a “seed” 
sample of a target nucleic acid sequence, selected primers, 
nucleic acids, enZymes, buffers, and other chemicals con 
ventionally used for PCR. 

[0032] The reaction regions 40 can be heated and cooled 
in a predetermined cycle by electric heaters, liquid or air 
coolants, or a combination thereof, or by other methods 
knoWn to those skilled in the art to achieve thermal cycling. 
The reaction regions 40 can be cycled betWeen tWo tem 
perature phases so as to affect PCR, for example. The 
reaction regions 40 can be held at a constant temperature for 
an isothermal reaction. 

[0033] Spaced-apart reaction regions 40 can be, for 
example, conical or cylindrical vials, and can be separate 
from each other or can be integrally formed in a unitary tray, 
for example, a plastic tray. According to various embodi 
ments, the reaction region holding assembly 48 can hold a 
plurality of vials, for example, 96 vials, in an array, such as 
an array of 12 by 8 vials. According to various embodiments, 
the vials or reaction regions 40 can be removed from the 
reaction region holding assembly 48 for preparation and/or 
sample loading. According to various embodiments, a plas 
tic unitary cover, such as a cover including caps 46, can be 
provided to seal the vials. 

[0034] The caps 46 for the reaction regions 40 can rest on, 
attach to, or seal tightly With the reaction regions 40 to 
prevent contamination and evaporative loss of the samples 
42 in the reaction regions 40. Other methods and instruments 
can instead or also be used for this function, such as 
disposing oil such as mineral oil on the sample surface, in 
Which case caps may not be needed. If used, the caps 46 can 
be transparent to light utiliZed in the instrument. The caps 46 
can be convex, for example, facing upWardly. According to 
various embodiments, the caps 46 can be a ?lm or a heat seal 
cover. According to various embodiments and as shoWn in 
FIG. 2, convex, upWardly facing caps 46 can function as 
reaction region lenses to focus respective bundles 28 of 
collimated excitation beams into a sample 42 in a respective 



US 2004/0038390 A1 

reaction region 40. According to various embodiments, each 
cap 46 can ?t snuggly on or in each respective vial 40 such 
that the cap 46 When ?t into or onto vial 40 can support the 
Weight of vial 40 suspended from the cap 46. According to 
various embodiments Wherein vial 40 is suspended from cap 
46, as shoWn in FIG. 9, the cap can have a mushroom-like 
shape, having a convex top and a narroWer base protruding 
beloW the top such that the narroWer base can ?t snugly into 
vial 40. The cap 46 supporting the vial 40 can rest on a 
platform 47, as shoWn in FIGS. 2 and 7, Wherein the 
platform includes through holes for passage of vials 40 
through the platform such that caps 46 rest on platform 47 
While vials 40 are suspended from caps 46 and extend 
through platform 47. According to various embodiments, a 
plurality of caps 46 can be formed as a single sheet such that 
the sheet can be laid over a plurality of reaction regions or 
vials 40. 

[0035] According to various embodiments, a monitoring 
instrument can be mounted over the reaction region holding 
assembly 48 containing the reaction regions 40. The instru 
ment can be removable or can sWing aWay for access to the 
reaction regions 40. 

[0036] As shoWn in FIG. 2, for example, the instrument 
can include a platen 130 that rests over the caps 46 or, if no 
caps are used, that rests directly over the reaction regions 40. 
The platen 130 can be aluminum and can include an array of 
holes 135 aligned With reaction regions 40, With each hole 
having a diameter that is about the same as the top diameter 
of the reaction region. If caps 46 are used, the platen 130 can 
have its temperature maintained by a ?lm heater or other 
instrument to prevent condensation from forming under the 
caps 46. The heating of the platen, hoWever, should not 
interfere With the reaction, such as DNA replication, in the 
reaction regions 40. An exemplary method to prevent con 
densation is to maintain the platen 130 at a slightly higher 
temperature than the highest sample temperature that the 
reaction region holding assembly 48 reaches. 

[0037] According to various embodiments and as depicted 
in FIG. 2, above each reaction region 40, a focusing lens 
such as a reaction region lens 30 can be positioned having 
a focal point that is approximately centered in a respective 
sample 42 in a respective reaction region 40. Afocusing lens 
35, for example, an objective lens or a Fresnel lens, can be 
placed above reaction region lens 30 to provide, for 
example, a telecentric optical system. The terms “focusing 
lens” and “reaction region lens” used throughout this dis 
closure can, according to various embodiments, be inter 
changeable in that a reaction region lens, a focusing lens, or 
both can be present according to various embodiments. Each 
focusing lens 35 and each reaction region lens 30 can 
include tWo or more lenses that can together affect a desired 
focus, thus the Word “lens” herein includes such multiplici 
ties. Aconvex, upWardly facing cap of a reaction region can 
function, for example, as a reaction region lens. According 
to various embodiments, a neutral density pattern (not 
shoWn) to correct inconsistencies in illumination and imag 
ing can be mounted on or in proximity to the focusing lens 
or reaction region lens, for example, to attenuate light in the 
center of the image ?eld. 

[0038] A ?uorescent marker or dye in a sample in a 
reaction region can emit light at an emission frequency When 
excited by an excitation beam of the appropriate Wave 
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length. The emitted light can be passed as emission beam 85 
to a detector 80. According to various embodiments and as 
shoWn in FIG. 2, emission beam 85 can pass through a 
reaction region lens 30 and/or focusing lens 35 to a detector 
80. Afold mirror 65 can be optionally mounted at 45°, or at 
any other suitable angle for convenient packaging of the 
instrument. The fold mirror 65 can be omitted, or other such 
folding optics can be used instead of or in addition to the fold 
mirror. According to various embodiments, emission beam 
85 can be re?ected by fold mirror 65 toWard a transition 
?lter 60, such as a long pass ?lter or beamsplitter. Transition 
?lter 60 can pass or re?ect an emission beam 85 to detector 
80. According to various embodiments, transition ?lter 60 
can include a curved surface, as shoWn in FIG. 2. 

[0039] One or more of reaction region lenses 30, focusing 
lenses 35, and caps 46 can provide a primary focusing 
system for focusing respective bundles of excitation beams 
into reaction region 40 and/or for focusing emission beams 
85 toWard a detector 80. According to various embodiments, 
focusing lens 35 can be omitted so that the focusing system 
includes reaction region lens 30, or vice versa. According to 
various embodiments, a plurality of reaction region lenses 
can form a reaction region lens array, Wherein each reaction 
region lens can correspond to a separate reaction region. The 
reaction region lenses can be disposed betWeen the colli 
mating lens 20 and the reaction region such that each bundle 
of collimated excitation beams from the collimating lens 
impinges on a respective reaction region lens and can be 
focused on a sample in a respective reaction region. Accord 
ing to various embodiments, one or more of the focusing 
lenses 35, the reaction region lenses 30, and the caps 46 can 
focus an emission beam 85 on the detector 80. 

[0040] According to various embodiments, a focusing lens 
and/or a reaction region lens can be located betWeen a 
collimating lens and a reaction region, betWeen a transition 
?lter and a reaction region, betWeen a mirror and a reaction 
region, or betWeen a second ?eld lens and a reaction region. 
If used in combination With a reaction region lens, a focus 
ing lens can be positioned betWeen a reaction region lens and 
collimating lens, transition ?lter, mirror, or second ?eld lens. 

[0041] To ?lter the bundles of collimated excitation 
beams, an excitation ?lter 100 can be disposed betWeen the 
collimating lens 20 and the transition ?lter 60, as shoWn in 
FIG. 2. Excitation ?lter 100 can pass light having the 
excitation frequency for the markers or dyes used in the 
samples, and can substantially block light having the emis 
sion frequency. 

[0042] According to various embodiments as shoWn in 
FIG. 2, an emission ?lter 120 can be disposed betWeen 
transition ?lter 60 and detector 80. Emission ?lter 120 can 
be disposed betWeen transition ?lter 60 and detector lens 95 
in front of detector 90. The emission ?lter 120 can pass 
emission beam 85 having the emission frequency emitted 
from the illuminated samples and can substantially block 
light having the excitation frequency. 

[0043] According to various embodiments and as shoWn 
in FIG. 2, excitation ?lter 100 and transition ?lter 60 
together constitute a ?rst system disposed to receive bundles 
of collimated excitation beams 25 having the excitation 
frequency from collimating lens 20. According to various 
embodiments, emission ?lter 120 and transition ?lter 60 
together constitute a second system disposed to receive 
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emission beams 85 from the focusing lens 35 and/or reaction 
region lens 30 so as to pass emission beams 85 at an 
emission frequency to detector 80. According to various 
embodiments, the excitation and emission ?lters can be 
omitted, and the ?rst system can include a transition ?lter 60 
that re?ects or passes bundles of collimated excitation 
beams 25, and the second system can include a transition 
?lter 60 that passes or re?ects, respectively, emission beams 
85 to the detector 80. 

[0044] According to various embodiments, the transition 
?lter 60, excitation ?lter 100, and emission ?lter 120 can be 
af?xed in a module 230 as shoWn in FIG. 3. These elements 
can be associated With a selected primary dye used in the 
samples. The module can be removable from a housing 232 
of the instrument A for replacement With another module 
capable of containing a different ?lter, excitation ?lter, and 
emission ?lter associated With another selected primary dye. 
The instrument A can include a light source subhousing 233 
and a detector or camera subhousing 235. As shoWn in FIG. 
3, the transition ?lter 60 can be located in instrument A such 
that the transition ?lter 60 is at a 45° angle With respect to 
plane B of the instrument. Other suitable angles of place 
ment of the transition ?lter With respect to plane B can be 
used. 

[0045] According to various embodiments and as shoWn 
in FIG. 4, a changeable module 230 of an instrument A, as 
shoWn in FIG. 3, can include a mounting block 234 having 
a ?ange 236 that can be af?xed to the housing 232 With a 
single screW 238. Transition ?lter 60 can be held at about 
45 °, or any other suitable angle, in mounting block 234 With 
a frame 240 and screWs 242. Emission ?lter 120 can be 
mounted, for example, With glue, by frictional engagement, 
snap-?t, or the like, into mounting block 234. Excitation 
?lter 100 can be mounted similarly into mounting member 
244, Which in turn can be held by screWs 246 to mounting 
block 234. With the module 230 in place, the instrument A 
can be closed by attaching side plate 247 as shoWn in FIG. 
3, for example, With screWs. Optionally, positioning pins 
(not shoWn) can be used for repeatable alignment. Areplace 
ment module can include the same or similar mounting 
block and associated components but With a different tran 
sition ?lter, mask, excitation ?lter, and/or emission ?lter. 

[0046] The light source 10 that can emit excitation beams 
15 can be a single light source or an array or bundle of light 
sources. According to various embodiments and as shoWn in 
FIGS. 5 and 6, the light source 10 can include an array 103 
of individual light sources 104 secured in a substrate 108. 
The substrate 108 can be made from any material that can 
Withstand the heat emitted from the light source. For 
example, metal and plastics can be used for substrate 108. 
The substrate 108 can be capable of mounting into a body 
102, as shoWn in FIG. 6. Aplatform 109 can be provided for 
mounting the light sources 104 and substrate 108 in the body 
102. The array of individual light sources 104 can be secured 
Within body 102 by suitable devices such as rubber bands, 
tabs, glue, or other means Without the use of substrate 108. 
The body 102 can include a lens 106 as shoWn in FIGS. 5 
and 6. According to various embodiments, the lens 106 is 
located spaced from the array 103 of individual light sources 
104. Light source 10 can also include poWer source 110 
capable of illuminating each individual light source 104, 
simultaneously, individually, sequentially, in groups, in 
roWs, or in other con?gurations or orders of illumination. 
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Groups of individual colors from the array can sequentially 
be illuminated. The light source array can generate excita 
tion beams of light referred to herein as excitation beams or 
area light excitation beams. 

[0047] According to various embodiments, groups of pre 
determined numbers of light sources 104 can emit respective 
Wavelengths such that the different groups of light sources 
emit different excitation frequencies. The groups can each be 
arranged as roWs of individual light sources 104 or can 
include a plurality of light sources of a ?rst excitation beam 
Wavelength homogeneously distributed throughout the array 
along With the light sources of the other excitation beam 
Wavelengths. The Wavelength or Wavelengths emitted from 
each group of light sources can correspond to a particular 
excitation frequency for a marker or dye used in one or more 
of the samples. A controller, capable of poWering one or 
more of the individual light sources 104 or groups of light 
sources in the array 103, can poWer the light sources of a 
group having a particular Wavelength simultaneously or 
independently of the light sources of the other groups. Each 
group of light sources poWered by the controller can provide 
excitation beams that illuminate at least tWo of the plurality 
of reaction regions simultaneously, and can cause a respec 
tive marker or dye to ?uoresce. 

[0048] According to various embodiments, and as shoWn 
in FIG. 7, the light source 10 can include a single light 
source 112. Excitation beams emitted from the light source 
112 diverge from the light source 112 at an angle of 
divergence. The angle of divergence can be, for example, 
from about 5° to about 75° or more. The angle of divergence 
can be substantially Wide, for example, greater than 45°, yet 
can be ef?ciently focused by the use of a collimating lens 20. 
According to various embodiments, bundles of collimated 
excitation beams 25 that have passed through collimating 
lens 20 can be re?ected off of a long pass ?lter 60 in a 
direction toWard fold mirror 65. Bundles of collimated 
excitation beams re?ected from fold mirror 65 can pass 
through a focusing lens 35, for example, a Fresnel lens. 
According to various embodiments, each of the bundles of 
collimated excitation beams can be focused by a respective 
reaction region lens 30 before illuminating a respective 
sample 42 in the corresponding reaction region 40. In the 
embodiment shoWn in FIG. 7, the reaction regions are 
individual vials in a series of Wells in a tray 48. 

[0049] According to various embodiments, a light source 
can contain one Light Emitting Diode (LED) or an array of 
LEDs. According to various embodiments, each LED can be 
a high poWer LED that can emit greater than or equal to 1 
mW of excitation energy. In various embodiments, a high 
poWer LED can emit at least 5 mW of excitation energy. In 
various embodiments Wherein the LED can emit at least 5 
mW of excitation energy, a cooling device such as, but not 
limited to, a heat sink or fan can be used With the LED. An 
array of high-poWered LEDs can be used that uses only 
about 10 Watts of energy or less, depending on the poWer of 
each LED and the number of LEDs in the array. The use of 
an LED array can result in a signi?cant reduction in poWer 
requirement over other light sources, such as, for example, 
a 750 Watt halogen light source. Exemplary LED array 
sources are available, for example, from Stocker Yale as 
LED AREALIGHTS. 

[0050] According to various embodiments, the light 
source can be a Light Emitting Diode (LED). The LED can 
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include an Organic Light Emitting Diode (OLED), or a Thin 
Film Electroluminescent Device (TFELD). The LED can 
include a phosphorescent OLED (PHOLED). If an OLED is 
used, the OLED can have any of a variety of siZes, shapes, 
and/or Wavelengths. The OLED can be a loW poWer con 
sumption device. Examples of OLEDs in various con?gu 
rations and Wavelengths are described in, for example, US. 
Pat. No. 6,331,438 B1, Which is incorporated herein in its 
entirety by reference. The OLED can include a small 
molecule OLED and/or a polymer-based OLED also knoWn 
as a Light-Emitting Polymer (LEP). An OLED can be used 
that is a small-molecule OLED deposited on a substrate. An 
OLED can be used that is deposited on a substrate. An 
OLED can be used that is deposited on a surface by 
vapor-deposition technique. An LEP can be used that is 
deposited by solvent coating. 

[0051] According to various embodiments, an OLED is 
used and can be formed from one or more stable, organic 
materials. The OLED can include one or more carbon-based 

thin ?lms and the OLED can be capable of emitting light of 
various colors When a voltage is applied across the one or 
more carbon-based thin ?lms. 

[0052] According to various embodiments, the OLED can 
include a ?lm that is located betWeen tWo electrodes. The 
electrodes can be, for example, a transparent anode and/or a 
metallic cathode. The OLED ?lm can include one or more 
of a hole-injection layer, a hole-transport layer, an emissive 
layer, and an electron-transport layer. The OLED can 
include a ?lm that is about one micrometer in thickness, or 
less. When an appropriate voltage is applied to the ?lm, the 
injected positive and negative charges can recombine in the 
emissive layer to produce light by means of electrolumines 
cence. The amount of light emitted by the OLED can be 
related to the voltage applied through the electrodes to the 
thin ?lm of the OLED. Various materials suitable for fab 
rication of OLEDs are available, for example, from H.W. 
Sands Corp. of Jupiter, Fla. Various types of OLEDs are 
described, for example, in US. Pat. No. 4,356,429 to Tang, 
US. Pat. No. 5,554,450 to Shi et al., and in US. Pat. No. 
5,593,788 to Shi et al., all of Which are incorporated herein 
in-their entireties by reference. 

[0053] According to various embodiments, an OLED is 
used and can be produced on a ?exible substrate, on an 
optically clear substrate, on a substrate of an unusual shape, 
or on a combination thereof. Multiple OLEDs can be com 

bined on a substrate, Wherein the multiple OLEDs can emit 
light at different Wavelengths. Multiple OLEDs on a single 
substrate or multiple adjacent substrates can form an inter 
laced or a non-interlaced pattern of light of various Wave 
lengths. The pattern can correspond to, for example, a 
sample reservoir arrangement. One or more OLEDs can 
form a shape surrounding, for example, a sample reservoir, 
a series of sample reservoirs, an array of a plurality of 
sample reservoirs, or a sample ?oW path. The sample path 
can be, for example, a channel, a capillary, or a micro 
capillary. One or more OLEDs can be formed to folloW the 
sample ?oW path. One or more OLEDs can be formed in the 
shape of a substrate or a portion of a substrate. For example, 
the OLED can be curved, circular, oval, rectangular, square, 
triangular, annular, or any other geometrically regular-shape. 
The OLED can be formed as an irregular geometric shape. 
The OLED can illuminate one or more sample reservoirs, for 
example, an OLED can illuminate one, tWo, three, four, or 
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more sample reservoirs simultaneously, or in sequence. The 
OLED can be designed, for example, to illuminate all the 
Wells of a corresponding multi-Well array. 

[0054] According to various embodiments, one or more 
excitation ?lters can be incorporated into the OLED sub 
strate, thus eliminating additional equipment and reducing 
the amount of space needed for an optical system. For 
example, one or more ?lters can be formed in a layer of a 
substrate including one or more OLEDs and a layer includ 
ing a sample ?oW path. The Wavelength emitted by the 
OLED can be tuned by printing a ?uorescent dye in the 
OLED substrate, as taught, for example, by Hebner et al. in 
“Local Tuning of Organic Light-Emitting Diode Color by 
Dye Droplet Application,” APPLIED PHYSICS LETTERS, 
Vol. 73, No. 13 (Sep. 28, 1998). 

[0055] According to various embodiments, the light 
source can be a Solid State Laser (SSL). The SSL can 
produce monochromatic, coherent, directional light, and can 
provide a narroW Wavelength of excitation energy. The SSL 
can use a lasing material that is distributed in a solid matrix, 
in contrast to other lasers that use a gas, dye, or semicon 
ductor, lasing source material. Examples of solid state lasing 
materials and corresponding emission Wavelengths can 
include, for example: Ruby at about 694 nm; NdzYag at 
about 1064 nm; NdzYVO4 at about 1064 nm and/or about 
1340 nm and Which can be doubled to emit at about 532 nm 
or about 670 nm; Alexandrite at from about 655 nm to about 
815 nm; and TizSapphire at from about 840 nm to about 1100 
nm. According to various embodiments, other solid state 
lasers knoWn to those skilled in the art can also be used, for 
example, laser diodes. The appropriate lasing material can 
be selected based on the ?uorescing dyes used or the 
excitation Wavelength required. 

[0056] If a SSL is used, the laser can be selected to closely 
match the optimum excitation Wavelength or Wavelength 
range of a ?uorescent dye. The operating temperature of the 
system can be considered in selecting an appropriate SSL. 
The operating temperature can be changed to affect the 
emitted Wavelength of the SSL. The light source for the laser 
can be any source as knoWn to those skilled in the art, for 
example, a ?ash lamp. Useful information about various 
solid state lasers can be found, for example, at WWW.repair 
faq.org/sam/lasersl.htm. Examples of solid state lasers used 
in various systems for identi?cation of biological materials 
are discussed in US. Pat. No. 5,863,502 to Southgate et al. 
and US. Pat. No. 6,529,275 B2 to Amirkhanian et al.; both 
of Which are incorporated herein in their entireties by 
reference. 

[0057] According to various embodiments, various types 
of light sources can be used singularly, or in combination 
With other light sources. One or more OLEDs can be used 
With, for example, one or more non-organic LEDs, one or 
more solid state lasers, one or more halogen light sources, or 
a combination thereof. 

[0058] According to various embodiments, a light source 
can be used to provide excitation beams to irradiate a sample 
solution containing one or more dyes. For example, tWo or 
more excitation beams having the same or different Wave 
length emissions can be used such that each excitation beam 
excites a different respective dye in the sample. The exci 
tation beam can be aimed from the light source directly at 
the sample, through a Wall of a sample container containing 
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the sample, or can be conveyed by various optical systems 
to the sample. An optical system can include one or more of, 
for example, a mirror, a beam splitter, a ?ber optic, a light 
guide, and/or a combination thereof. 

[0059] According to various embodiments, one or more 
?lters, for example, a bandpass ?lter, can be used With a light 
source to control the Wavelength of an excitation beam. One 
or more ?lters can be used to control the Wavelength of an 
emission beam emitted from an excited or other luminescent 
marker. One or more excitation ?lters can be associated With 
a light source to form the excitation beam. One or more 

?lters can be located betWeen the one or more light source 

and a sample. One or more emission ?lters can be associated 
With an emission beam from and/or Wavelength or Wave 
length range of an excited marker or dye. One or more ?lters 
can be located betWeen the sample and one or more emission 
beam detectors. 

[0060] According to various embodiments, a collimating 
lens 20 is used to receive and direct excitation light beams 
15 from a light source 10 and to collimate the excitation light 
beams such that the light beams originating from the point 
on the light source that is intersected by the optical axis of 
the collimating lens can emerge from the collimating lens 
parallel to the optical axis of the collimating lens. According 
to various embodiments, the collimating lens can be located 
one focal length aWay from the light source. According to 
various embodiments, the collimating lens can include a 
plurality of collimating lenses in the form of a collimating 
lens array. 

[0061] According to various embodiments, one collimat 
ing lens 20 is provided for each light source 10. The 
collimating lens 20 can receive excitation light beams 15 
from one light source 10 and can collimate the excitation 
light beams 15 such that tWo or more discrete bundles 25 of 
collimated excitation beams are produced, Wherein each 
discrete bundle 25 of collimated excitation beams is of the 
same Wavelength but of less energy than the initial excitation 
light beams 15 entering the collimating lens. According to 
various embodiments, each collimating lens can form four 
discrete bundles of collimated excitation beams from one 
excitation source. The collimating lens can be any material 
knoWn to receive and collimate light. According to various 
embodiments, the collimating lens can be a Fresnel lens or 
a molded glass sphere. “Collimating lens” as referenced 
herein can include a collimating lens system including, for 
example, a collimating lens, a mask, a ?lter, or a combina 
tion thereof. 

[0062] According to various embodiments, and as 
depicted in FIGS. 2 and 7, a transition ?lter 60, for example, 
a long pass ?lter, a bandpass ?lter, or a multiple notch ?lter, 
can be disposed to receive one or more bundles 25 of 
collimated excitation beams from the collimating lens 20. 
The transition ?lter 60 can be a dichroic re?ector positioned 
at an angle, for example, 45°, to re?ect bundles 25 of 
collimated excitation beams emitted from the light source 
10. The re?ected light can then illuminate at least tWo of the 
reaction regions With respective bundles 25 of collimated 
excitation beams such that dye molecules in respective 
samples of the reaction regions 40 can ?uoresce at an 
emission frequency and produce emission beams. According 
to various embodiments, the transition ?lter 60 can pass 
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emitted light having the emission frequency. Such a ?lter 
can utiliZe optical interference layers to provide a desired 
frequency response. 

[0063] According to various embodiments as shoWn in 
FIGS. 2 and 7, and With any of the light sources described 
herein, transition ?lter 60 can be positioned so that it can 
re?ect the bundles of collimated excitation beams 25 to fold 
mirror 65. The bundles of collimated excitation beams 25 
can be re?ected from the transition ?lter 60 as bundles of 
collimated excitation beams having the excitation frequency. 
As shoWn in FIG. 2, transition ?lter 60 can include a curved 
surface Which causes the re?ected excitation beams to 
diverge upon re?ection. As shoWn in FIGS. 2 and 7, the 
bundles of collimated excitation beams 25 can be re?ected 
off fold mirror 65 toWard the respective reaction regions 40. 
The re?ected bundles 25 of collimated excitation beams can 
be focused by focusing lens 35 to form respective bundles 28 
that can be focused by the respective reaction region lenses 
30 into samples in the respective reaction regions 40. 

[0064] According to various embodiments, and as shoWn 
in FIGS. 2 and 7, a mirror 65 can be located betWeen the 
collimating lens and the plurality of reaction regions. 
According to various embodiments including one or more 
?eld lens, the mirror can be located betWeen a ?rst ?eld lens 
and a second ?eld lens to direct the bundles of collimated 
excitation beams from the ?rst ?eld lens toWard the second 
?eld lens. According to various embodiments, a mirror 65 
can be located in an excitation beam path betWeen a light 
source and a reaction region. According to various embodi 
ments, a mirror can be located in an excitation beam path 
betWeen one or more light source and tWo or more reaction 

regions. A mirror can be located betWeen a collimating lens 
or a ?lter and a focusing lens, reaction region lens, or 
reaction region. 

[0065] According to various embodiments, a mask 70, as 
shoWn in FIGS. 1, 8, 9, 10, 12, 13, and 16, can be provided 
after the collimating lens such that a special irradiance 
pro?le that is a scaled copy of the spaced-apart reaction 
regions can be created. The mask can eliminate unWanted 
excitation beams from impinging on the spaced-apart reac 
tion regions. Mask 70 can be used to remove extraneous 
excitation light such that the bundles of collimated excita 
tion beams 25 corresponding to reaction regions 40 are 
passed through mask 70, and other light is blocked. Accord 
ing to various embodiments, the mask can be optically 
opaque. According to various other embodiments, the mask 
can be anodiZed aluminum. Methods and materials for 
creating such a mask are knoWn to practitioners in the art. An 
OLED With the shape of the unmasked region could be used. 

[0066] According to various embodiments, a mask 70 can 
be located before a reaction region lens or reaction region 
lens array, as shoWn in FIG. 9. The mask can eliminate 
unWanted excitation beams from passing through a reaction 
region lens to a respective reaction region. The mask can 
eliminate unWanted emission beams or extraneous light 
from passing through a reaction region lens to a detector, 
minimiZing signal noise. 

[0067] According to various embodiments, as shoWn in 
FIGS. 10-12, one or more transition ?lter 61, 62 such as, for 
example, a longpass ?lter, a short pass ?lter, a beamsplitter, 
a prism, or a diffraction grating, can be located betWeen the 
collimating lens 20 and the plurality of reaction regions 40. 














